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Abstract
This study discusses a method of obtaining multiple peaked plasma current profiles in
a tokamak reactor by varying the height of the OH coil and by programming the OH and
PF (divertor and EF) coil current, fueling and heating sequence during start-up. Single-,
double- and triple-peaked profiles were obtained. It was easier to obtain the double-peaked
profile, which can be maintained during the burn, than the other types of profiles. Most
interestingly, the plasma with a double-peaked current profile was stable to ballooning
mode for fl as high as 12%. The stability to kink modes was also improved. The plasma
exhibits strong minimum B, high triangularity and elongation throughout all the surfaces.
The fl increases linearly with plasma current and a new, larger scaling factor has been
obtained.
1.0 Introduction
It has been reported by many authors that a noncentrally peaked plasma current
profile in tokamaks has a stabilizing effect on ballooning modes [1, 2]. A tokamak can
be operated in the second stability regime if it has a multiply-peaked current profile with
a highly triangular or bean-shaped plasma. A mild double-peaked current profile has
also been obtained by Troyon et al. [3] for fully stable JET equilibrium with )3 = 5.5%.
However, there was no known method of producing such a profile with external control.
This study discusses a current profile control method by varying the design of the ohmic
heating coil, by time programming the OH and PF (divertor and EF) coil current, auxiliary
heating and fueling during the start-up. The stability problems were also examined. Three
distinctive profiles were obtained by dynamic modeling with TSC code [4].
tlnstitute of Plasma Physics, Academia Sinica, PRC.
1
Conventionally, in designing a tokamak reactor when the major machine and plasma
parameters such as Ro, B0 , a, 3t, q and I, have been chosen, one would attempt to find a
stable MHD equilibrium configuration by solving the Grad-Shafranov equation [5]:
XX a 1X + 90 = 27rXJ (1)
with
dp R 2 B2 dg2
J0 = -27r X -- + X -- (2)
d$k 2X dpk
by specifying the pressure and toroidal field functions p(o) and g(o) and by adjusting
external shaping and equilibrium field coils. The effect of OH coils on the plasma is
usually neglected because the solution is for the steady state burn phase, and the OH
coils are considered to be decoupled from the poloidal field coil system. This practice has
two drawbacks: One is that the plasma current profile computed from Eq. (2) is basically
predetermined by the specified functions p(o) and g(o). The second is that the transient
effect due to OH and poloidal field coils has not been taken into account. To find the
true current profile one has to solve time-dependent resistive MHD equations consistently.
The transient effect of OH, PF, heating, fueling and ramp-up time is found to play a very
important role on the current profiles during start-up. At the beginning of the start-up
phase, owing to skin effect the current induced by the transformer concentrates on the
surface, but rapidly diffuses into the center of the plasma because the resistivity is high at
low temperature. As the plasma heats up the resistivity decreases, thus the inward current
diffusion slows down. These effects can be controlled to obtain the multipeaked profile.
Total decoupling of the OH and PF system is possible only for ideal transformer
systems such as an infinitely long solenoid or a finite height solenoid with an iron core.
The flux over the cross section of the plasma due to a finite height transformer with an air
core is not uniform. The flux coupling due to the leakage of the transformer decreases from
the inboard surface toward the outboard surface of the plasma. There is a large ohmic
heating contribution from the pulsing of the PF system. The flux coupling over the plasma
cross section from the PF coil is highly nonuniform and increases from the inboard edge
toward the outboard edge of the plasma.
A simple inductive calculation made by treating the plasma as a rigid body has shown
that the current density peaks near the inboard side when it is induced by a finite height
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transformer [6]. The current density peaked closer to the center when the transformer
height was doubled. On the other hand, the current density peaks on the outboard side
when it is induced by pulsing PF coil alone. The current profile dipped down at the center
from the pulsing of OH and PF coils simultaneously.
Dynamic modeling was carried out using a time-dependent TSC code solving one-
fluid resistive magnetohydrodynamic equations [4]. At very low 3 and during pure ohmic
heating, the plasma is basically characterized by a smooth, monotonically decreasing (or
centrally peaked) current profile. Some structures on the current profile appeared when
the plasma was being heated with a neutral particle beam or other auxiliary power. The
current density still peaked at the center but was no longer a smooth, monotonically
decreasing function. The top of the current profile was gradually flattened when 3 reached
5%. It evolved into triple peaks, then double peaks when the plasma temperature and 0
increased further. When # reaches - 7% it can be either triple or double peaked depending
on the temperature and density.
The extreme limit case of double-peaked current profile is the sharp boundary (or skin
layer) model where the current density at center J(O) = 0 and the current density at the
edge is finite, i.e., J(a) > 0. For / > 0.21a/R in a cylindrical tokamak the kink modes were
found to be unstable to n = 1 for all values of q above and below the Kruskal-Shafranov
limit [7] and the tearing modes were not stable for all m values [8]. In the former analyses
q was evaluated on the surface and p = const. In the latter (tearing mode) analyses
q was a double-valued function of radius, while in this study we have three significant
improvements in favor of stability: (1) No specific assumption was made and the solution
is general in plasma characteristics; (2) We now have finite current at the center J(0) > 0,
and zero current at the edge J(a) = 0, which satisfies the kink mode stability requirement;
and (3) The overall shear of q is large and positive.
The plasma with a double-peaked profile, high elongation and triangularity was found
to be stable to the ballooning mode at much higher H than the plasma with the other
two profiles. Such a plasma has the following characteristics: high q value at the center
(qo > 2), high q value and shear at the edge, positive dj/dr, and a strong minimum B0.
All these characteristics have a positive contribution to the stability at high 3. Therefore
we will concentrate our analysis on this particular class of plasma.
Section 2 gives the detailed discussion of the profile control methods and plasma
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properties. The physical basis of high P stability for a plasma with a double-peaked
current profile is evaluated in Section 3.
2.0 The Evolution of Current Profile During Start-up
This section discusses the method of obtaining various current profiles utilizing tran-
sient effects during the start-up phase. The evolution of the current profile is affected
by the OH and PF coil designs, plasma density and temperature, auxiliary heating and
their ramp-up time sequences during start-up. Three profiles were obtained, the centrally
peaked, double-peaked and triple-peaked, which will be abbreviated as 1p, 2p and 3p, re-
spectively, for convenience throughout the text. The 2p profile was found to be the easiest
to achieve, and almost develops naturally. A plasma with a 2 p current profile was found
to be stable at much higher 3 than the other two cases and became our favorite choice.
When a particular profile is chosen, it is necessary that it can be maintained during the
burn phase. It was found that double-peaked profiles were easiest to maintain during burn
phase. Therefore we will concentrate our effort on understanding the impact of this 2p
profile on stabilities.
Since our interest in current profile control is in achieving a high g reactor, it is
essential that the method is reactor applicable. A prototypical compact reactor design,
LITE [9], was chosen as a model because it has sound engineering considerations and is
capable of producing 600 MW power with a moderate 3 of 6%. The major parameters
are Ro = 2.54, a = 0.8 m, B = 6.1 T, I = 8.11 MA. The total current carried by the
OH coil is 31.2 MA with double swing. It is well known that both the PF coil and the
OH coil contribute to the volt-seconds in the plasma. However, the effect of each coil
system on the current profile has never been fully addressed. The OH coil is usually a
straight solenoid which occupies the central core of the tokamak and has finite height.
Sometimes auxiliary coils are used to provide better flux coupling between the plasma and
OH transformer. However, flux leakage is still inevitable. Due to flux leakage, the finite
height of the OH coil will reduce the flux coupling to the plasma on the outboard side
which in turn reduces the current induced in that region. By assuming the plasma as
a rigid conductor, purely inductive calculations showed that current induced by the OH
transformer peaks on the inboard side [6). On the other hand the PF coil increases the flux
coupling on the outboard side where the current density would increase. For the overall
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system, the inductive rigid conductor calculation showed that the current density has a
dip in the center or the current density radial profile along the major axis on midplane
has double peaks. When the plasma resistivity is high at low temperature the current will
eventually diffuse into the center, such as in the case of the low-# experimental devices.
When the plasma begins to heat up, it has been found that a monotonic, centrally peaked
profile is very difficult to maintain without resorting to special methods [10]. The current
profile tends to become flat on the top, multipeaked, or double-peaked, depending on the
rates of auxiliary heating and fueling.
2.1 Start-up Without Auxiliary Heating
In most reactor design studies [11] each operation cycle is divided into start-up, heat-
ing, burn (flattop) and cool-down phases. Full plasma current is assumed developed during
the start-up phase with ohmic heating alone. The plasma is then heated up to the desired
,3 with auxiliary heating power, and kept at a steady state during the burn phase, where
the current is maintained by slowly increasing the current in the OH transformer. The
current profile is assumed to be centrally peaked throughout. However, it was found in
this study that the time, density and temperature increase during start-up have strong ef-
fects on the current profile. It requires the control of fueling to obtain or maintain central
peaking. Even so, some structures of the current profile would develop and its top would
become flat when the temperature increases.
For this study we chose 5 s as a reference ramp-up time. The typical pulse of the OH
current and auxiliary power injection for the three cases considered are shown in Figure 1.
The current ramp-up time is steepest for the centrally peaked profile. Full plasma current
was reached at 5 s. Auxiliary heating power of 75 MW was injected from 5 s to 8 s. The
evolution of the current profiles is shown by the graphs in the top row of Figure 2.
In order to maintain the nearly centrally peaked profile, a high fueling rate was needed
to keep the temperature low, as shown by the plasma density and temperature time vari-
ations in Figure 3. Still, some structures were developed on the current profile that even-
tually caused the top to flatten at the end of heating as shown by the last frame of the
current profile at 8 s in the top row of Figure 2.
One method for improving the ip profile is to reduce the flux leakage. The ideal
transformer which offers no flux leakage would be one with either infinite height or an
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iron core. An iron core is not desirable because it saturates at low field. The simplest
method is to increase the height to reduce the leakage as much as possible. Zero leakage is
impossible to achieve. Therefore the current density profile would dip at the center while
the plasma is heating up due to the inhomogeneity of flux coupling over the plasma cross
section discussed previously. To maintain reasonable central peaking, the plasma density
has to be increased to maintain finite resistivity to allow time for the inward diffusion of
current.
As is shown by the graphs in rows 1 and 2 of Figure 3, the plasma density at the
beginning of the start-up is about four times higher at the end of heating, whereas the
temperature is a factor of four lower prior to the injection heating. The current profile
at the end of start-up is highly centrally peaked. However, after injection heating the
profile is nearly flat. The plasma was tested for a 2 s burn phase during which the profile
changed continually. The current density rose on the outboard side. It was very difficult
to maintain a centrally peaked profile at high 0.
There are many other ways to improve the monotonically peaked profile, such as
pulsing both the TF coil and the PF coil system [10] during start-up. However, our
purpose in this discussion is to illustrate that the current profile is largely an inductive
effect for an ohmically heated tokamak, and our main interest is to take advantage of
this naturally occurring phenomenon to produce a structured profile which may offer the
possibility of leading to a stable higher-,3 plasma. Therefore we are not exploring those
alternative methods here.
2.2 Start-up With Auxiliary Heating
As discussed above, in addition to the inductive effect, the high conductivity at high
temperature will slow down the diffusion of current into the center. Therefore, structured
current profiles other than monotonically decreasing or centrally peaked profiles can be
easily obtained by introducing controlled auxiliary heating during start-up. To obtain
triple peaks requires careful tailoring of the heating and fueling time sequence. The flux
leakage from the transformer should be kept as low as possible as in the case of the centrally
peaked profile.
The heating power injection sequence for the 3p profile is shown by the dashed curve
in Figure 1. A longer ramp-up time of 7 s was needed. The solid curve shows the auxiliary
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heating power injection sequence for the 2p profile. The evolution of the current profiles
for these two cases is shown by the middle and lower row of graphs in Figure 2. The time
evolution of the temperature, density, plasma current and 0 for the 3p and 2p sequences
is shown in Figures 4 and 5, respectively.
The 2p profile was tested for a burn for 1 s. The plasma current, density, temperature
and P as well as the profile were nearly constant. The slight increase in time occurs due
to the fact that burn control was done manually adjusting the OH transformer, fueling,
and heating power injection to keep the plasma condition constant. Time-consuming and
repetitive computations were required. Longer burn times are possible only when feedback
burn controls can be built into the code.
Figure 6 compares the temperature and pressure profiles for all three cases. Profiles
for the Ip and 3p cases are very broad, whereas they are sharply peaked for the 2 p case.
The density profiles for all three cases are quite similar. Figure 7 compares the plasma
shape, current profiles, current distribution in the monitoring loop and the q-profiles.
In all these cases, the steady state plasma densities are about 3 x 1014. The center
temperature for the 2p case is twice as high as for the 3p case and nearly four times higher
than for the centrally peaked ip case.
Comparing the OH current pulse for all three cases in Figure 1 and their corresponding
plasma currents in Figures 3, 4 and 5, one notices a very important result, i.e., the current
swing in the OH coil is the least for the 2p case and largest for the centrally peaked
case. The change in current for the ip case is more than doubled for the 2p case. Such
drastic differences are a result of auxiliary heating during start-up. The OH power is more
effectively used in driving the current rather than heating the plasma. This result has
very significant implications for reactor design. The 50% reduction of requirement in OH
current will greatly ease the strain on the OH coil design or the excess capacity can be
used to extend the burn time.
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2.3 Profile Monitoring Method
The method of monitoring current profiles is still in its infancy. There are three known
methods. One is to use lithium beams [12]. The second is to use a pick-up coil inside the
vacuum chamber; the measured magnetic fields are then used to enfold the current profile
through equilibrium calculation. The third is to measure the polarization of a laser beam
through the chords of the plasma cross section [13]. We propose to use two sets of poloidal
loops of high resistance wires above and below the plasma mirror symmetric with respect
to midplane; these are shown as squares in Figure 7. The currents induced in each set of
wires at the end of start-up are shown by the third row of the same figure. They display a
reasonably distinct profile and magnitude corresponding to the current profiles shown in
the second row. These results demonstrate that such sets of high resistance loops can be
used as a potential method for monitoring plasma current; this technique warrants further
detailed studies.
3.0 Stability Analyses
The stability properties of plasmas with monotonically decreasing current profiles
and flat current profiles have been most extensively discussed. The triple-peaked current
profile has been discussed previously in association with bean-shaped plasmas [1, 2]. A
bean-shaped plasma with a shallow double-peaked profile [2] can be operated in the sec-
ond stability regime. The calculation performed in this study shows that, among the three
profiles studied, the 2 p profile with a D-shaped plasma is most favorable in achieving
reasonably high 3 in the first stability regime. Therefore we are concentrating our dis-
cussion on the 2p case. We will examine the plasma characteristics, the effect of current
profile on kink, ballooning, and tearing modes. Comparisons will be made with D-shaped
plasmas with monotonically decreasing current profiles obtained from MHD equilibrium
calculations using the PEST code (5]. The tearing mode is examined with asymptotic
stability criteria for large azimuthal wavenumbers [14). Finally, plasma scaling is deduced
and compared with the leading scaling law obtained by Troyon et al. [3].
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3.1 Analyses of Plasma Characteristics
As mentioned earlier, the pressure profiles have more rounded bell shapes for the 3p
and 2p cases shown in Figure 6. The sharply peaked profile characteristics of the ip case
are considered to be more favorable to local mode and ballooning mode stability.
Most significantly, the q value is greater than 2 on the axis and greater than 3 at
the edge. These q values exceed the Kruskal and Shafranov [15] limits for local and kink
stability.
Figure 8 plots the magnetic field IBI along the major radius for the double-peaked
case and shows that there is a very strong minimum IBI on the axis. The magnetic well
becomes deeper when 3 increases. Such strong minimum IBI characteristics have not been
observed with ip and 3p plasma current profiles. These deep magnetic wells are the result
of large poloidal currents as shown by the solid curves in Figure 9. The dashed curve shows
the poloidal current profile for the centrally peaked case. The magnitude of the poloidal
current for the 2 p case is much larger than for the ip case.
The effect of minimum JBI can be seen from the plot of U f 9 in Figure 10. The
integral
U de 1 f2Nyr de(3
B W N 0 B
was calculated by tracing the field line over a flux surface by making certain that the line
ends close to the starting point and the integral converges after N turns. The value of
U as well as dU/dr is much greater for plasma with a 2p profile than for plasma with a
centrally peaked profile. Both values increase with f. The figure of merit for stability [16],
W=2V d B2(B 2 ) dV \2
was also calculated and plotted (see Figure 11). For the case of 2p profiles, this figure of
merit, W, is larger and increases with 3 and is therefore more favorable for stability than
the ip case.
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Elongation and triangularity as a function of radius for the 2 p and 1p cases are shown
in Figures 12 and 13. Triangularity for the single-peaked profile decreases linearly from 0.3
at edge toward zero at about r = 0.5a and the elongation varies from 1.7 to 1.6. For the
double-peaked profile, plasma triangularity is greater than 0.3 through all surfaces and is
as high as 0.65 at edge. The elongation is higher on axis and decreases toward the edge.
It is well known that larger triangularity favors stability [17].
For a plasma with 2p profile, the # value, triangularity 6, and elongation n as a
function of plasma current I. are shown by Figure 14. Figure 15 plots AB/B vs. 3 which
shows that the magnetic depth increases almost linearly with fl and agrees with the radial
pressure balance requirement [16]. Following Troyon et al. [3] a scaling law for P can be
written as
k p (5)RoBo
The scaling factor k is now 5.3 which is 32% larger than 4.0 of Trojon et al.
3.2 Stability Analyses
The stability properties for a plasma with a double-peaked current profile are discussed
in terms of localized modes, kink modes, tearing mode and ballooning mode.
For q > 2 and p' < 0, the Mercier criterion for the stability of an ideal localized mode
[19],
(-p')(q2 - 1)+ > 0, (6)
8 q
and the modified criterion for the resistive mode [22]
(-P') (q2 -1) + (q) 3 q'fj ( + r2( p') dr > 0 (7)
can easily be satisfied.
In terms of the kink mode, the value of q is greater than 2 on the axis and greater
than 3 at the edge, and therefore exceeds the Kruskal-Shafranov limit for stability. The
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internal kink mode was tested using the PEST code [19] and was found to be stabilizing.
The physical picture of the stabilizing effect of the current profile can be understood from
an examination of the torque and 6W forms given by Wesson [18]. The 4 component of
the linearized torque [18] is
To = (i I [d (-ir ) (rB') - m2B.] + dB (8)
and the potential energy is
6W = 7r2 R B12 + Be (1 - n) d 2 rdr (9)
where B' is the perturbed magnetic field. Since we now have djo/dr > 1, the second
term of both the torque and 6W equations is stabilizing.
A precise and detailed analysis of the tearing mode is beyond the scope of this work.
However, one can test the tearing mode by evaluating the asymptotic stability condition
for large nq(o,) [14]
in , _q(O.)  1 |< -m"Q (10)
M,
with
Q4 d di dj d (11Q = 47r d n j I d I(11)
~deb BI d? a B,3~
This condition also applies to the finite conductivity tearing modes with large azimuthal
wavenumbers [14]. The instability regions become very narrow when Q is large. For a
plasma of round cross section with a parabolic current profile, the region of instability is
considered to be extremely small for m > 4 when Q = 1 [14]. The computed Q value for a
D-shaped plasma with a double-peaked current profile ranges from 0.81 to 2.1. Therefore
it is reasonable to say that the instability region for m > 2 is greatly reduced.
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It was mentioned earlier in Section 3 that there is a very deep magnetic well for the
plasma with a double-peak current profile and the well depth increases with fl. We write
strong minimum B expansion as
BO = B 1 - -cos - A[1 - + .. Ro Bo a (12)
and the curvature
k " =h{1 _ AB[ 1 (r)2]lRO Bo a (13)
Following the prescription of Freiberg [20], the energy principle equation can be rewritten
as
1 * /2] 6X ) 2
W = dO [1 + A2- a' (AsinO + COSO) X2 (14)
where
A(O) = s(O - Oo) - a(sinO - sinGo),
S = 5
q
a = -q 2 Ro3',
a' =a(1 - 6),
and 6 (r)2 AB
Assuming a simple trial function for X of the form
X= 1 + cosf0
the modified form of the energy principle becomes
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-r < 0 < 7r
1 0 1> 7r ,
1(15W = 1.39S 2 - 1[8 + 8(1 - 6)]Sa + 1 [3 + 5(1 _ 6)]a2 - (1 - 6)a + 0.5 . (15)
For marginal stability the quadratic equation for S is
S = [0.78 - 0.3b]a t [0.72(1 - 6)a - 0.36 - (0.11 - 0.456)a 2 ] . (16)
When 6 = 0, the S - a equation reduces to
S = 0.78a ± [0.72a - 0.36 - 0.11a 2 1 (17)
obtained previously for a regular tokamak expansion [21].
The S - a for 6 = 0 and 6,.. = 0.12 at r = 0 were plotted in Figure 16. The S - a
curve with minimum IBI shifts downward and to the right. This reduces the restriction on
S and widens the stable region common to the first and second stability regime. Therefore
the double peak current profile offers the possibility of a route to the second stability
region.
4.0 Concluding Discussion
This study demonstrates that plasma current profile control can be achieved by using
the transient effect with proper choice of OH design, the programming of both the OH
and PF coil currents, and of the fueling and heating sequences during start-up. Single
(including flattop), double-peak and triple-peak current profiles were obtained. There are
many advantages in choosing a double-peaked profile: (1) it is very easy to obtain profiles
which can be maintained during the burn; and (2) the OH current swing for driving the
same plasma current is only 50% of the single-peak profile. The plasma is stable to the
ballooning mode at much higher /.
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The plasma with a double-peaked profile has the following characteristics: high tri-
angularity and elongation throughout all flux surfaces; variations in triangularity from 0.3
near the center to 0.6 at the edge; high value and shear of q at the center and edge; posi-
tive current density gradient dj/dr and zero current density at the edge; and very strong
minimum |, 3 |.
Large triangularity, large q and its shear improve the local and kink stability. From
the torque equation positive dj/dr has a stabilizing effect on the kink mode. Because of
the deep magnetic well, the stability criterion U = f de/B, -dU/dr and the figure of merit
are significantly larger than that of plasma with a single-peak profile. The stable region
of the S - a diagram increases. The evaluation of asymptotic stability condition criteria
for large nq (0.) for the tearing mode indicates that the unstable region for m > 2 was
greatly reduced.
The plasma / scales linearly with plasma current. This is similar to Troyon's result,
but is a factor of 32% larger.
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Figure Captions
Fig. 1. Time variation of total current in OH transformer (a) and auxiliary heating power
(b) for plasmas with 1p, 3p, and 2p profiles. For the ip case the auxiliary power
was injected from 5 s to 8 s after full plasma current was induced. The auxiliary
power was injected from 1.4 s to 7 s for 3 p case and from 1 s to 5 s for the 2p
case. The burn was tested for 2 s for the ip and 2p cases. The OH current swing
is largest for the 1p case and is smallest for 2p case.
Fig. 2. The evolution of current profiles. The top row is the ip case. The middle and
bottom rows are the 3p and 2 p cases. The structure on current profiles develops
when the plasma is heating up.
Fig. 3. Time variation of density, electron temperature T,, plasma current and 3 for ip
case. Auxiliary heating is on from 5 to 8 sec.
Fig. 4. Time variation of density, electron temperature, plasma current and 0 for 3p
case.
Fig. 5. Time variation of density, electron temperature, plasma current and 8 for 2p
case.
Fig. 6. Plasma pressure and ion temperature profile for ip (top row), 3p (middle row)
and 2p (bottom row) cases.
Fig. 7. Plasma shape (top row), current profile (second row), current distribution in the
monitoring loop (third row) and the safety factor q vs. flux surface (bottom
row)for ip (left column), 3p (center column) and 2 p (right column) cases. The
small open squares above and below the plasma are the monitoring loops.
Fig. 8. Total magnetic field JBI along the major radius on midplane. The unlabeled solid
curve is the vacuum toroidal field.
Fig. 9. Poloidal current profile for D-shaped plasma with centrally peaked current profile
(dotted curve) and double-peaked current profile (solid curves).
Fig. 10. Plot of the integral U = f d/B vs. r/a for plasma with centrally peaked current
profile (1p, 3 = 6.4%) and double-peaked profile for 3 = 7.7%, 9.9%, 11.4%,
and 12%.
Fig. 11. Plot of the figure of merit W as a function of r/a for the plasmpurge a with
centrally peaked current profile (1p, 3 = 6.4%), double-peaked profile at /3
7.7%,9.9%, 11.4% and 12%.
Fig. 12. Plot of elongation and triangularity for a plasma with centrally peaked current
profile (solid curve), and double-peaked profile at / = 7.7% (dashed curve) and
/3 = 11.4% (dashed curve with solid dot).
Fig. 13. Plot of 3, triangularity and elongation as function of plasma current.
Fig. 14. Plot of AB/B as function of /.
17
Fig. 15. The ratio of magnetic well depth and total IBI as a function of 3.
Fig. 16. S - a stability diagram with the consideration of minimum IBI (solid curve).
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